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TESTS TO DETERMINE THE FORM OF LATHE TOOL TO REMOVE 
MAXIMUM METAL "r ITH MIN IMUM PO WER FROM GHAY IRON . 
BY 
ARTHUR J . RHO DES . 
I 
I. 
I 
The object of the tests performed was to determine which 
form of lathe tool will remove, from gray iron, maximum metal with 
minimum power. That is to say; to ascertain approximately what 
should be the proper angle of rake and clearance for lathe tools, 
and whether the tool should be round or diamond nose, to remove the 
most metal with the least power. 
mo determine the power it would take to drive the lathe, 
a Briggs transmission dynamometer of the belt pattern was used. 
This dynamometer is from the Tx:. S. A. C. laboratory, an elevation 
of this type of machine is given in figure (1). The power is trans- 
mitted through the dynamometer, to the machine performing the work, 
without being absorbed by the dynamometer. 
'7hen the dynamometer comes to rest, or is running with 
no outside resistance, the system will come into equilibrium with 
equal but opposite angles for both the lower and upper belt, provid- 
ed the weight of the carrier pulleys (a & b) figure (1), the 
frame supporting same, and the weight of the belt are balanced. 
It tan be shown that the resultant of strain of the 
deflected belt varies as the cosine of the angle which the belt 
makes with the vertical; or = 2 P cos oC figure ( 2). The angle 
oC of the belt is 75° 3l' , the cosine of which is..250 3 or 
, 
cos 1/4 = 75° 30'. Let cos 
tight side 
W = weight 
both tight 
The force 
the two si 
figure (2) 
cc. .250 and the tension on the 
of belt = T1 ; and tension on slack side of belt = T2 ; 
necessary.to balance the vertical component of pull on 
and slack sides of belt; the force transmitted = P. 
transmitted is equal to the difference of the tension on 
des of the belt, or T1- T2 P But W = 2 P cos oC 
or tip = 2 P 1/4 (oC = .250 = 1/4) Therefore P = 2 W. 
Hence if we place a weight W on the scale beam or lever, there will 
be transmitted by the belt a force P = 2 J, in order to maintain 
the system in its central position; this weijat is therefore a 
measure of the driving power of the belt. 
The lathe equipment of the. Kansas State Agricultural 
College shops consists of twelve 1411 engine lathes and one 30" 
engine lathe, the latter having been built by the American Tool 
`forks Co. of Cincinnati, Ohio. It was on this 30 lathe that the 
following described tests were made. 
In making the tests two general forms of. lathe tool 
were used, the diamond -nose and the round -nose tool. An idea of 
the form of these tools may be obtained from figures 3, 4, 5, 6, 7, 
& 8. These tools are of Rex self hardening steel, with one except- 
ion, in which case a tool of manganese steel was used, This was 
the diamond -nose tool, angle of rake 25°. 
By angle of rake is meant the angle which the top 
surface of the tool forms with the horizontal. The angle of clear- 
ance is the angle the cutting face of the tool forms with a verti- 
of 
cal line through cutting edgeAtool, These angles are both illustra- 
ted in figures 5, 6, 7, & 8. 
A 10° angle of clearance of the tools was maintained 
throughout the tests, except on the diamond -nose tool of 25° rake, 
in which case the angle of clearance was 8°. 
The angle of rake for both forms of tool was varied, by 
5° steps, from 5° to 25°, two series of tests being made for each 
angle of rake; one series in Which the cut was maintained constant 
and the feed varied, and one in which the feed was maintained con- 
stant and the cut was varied. 
The gearing for cutting threads was used to regulate 
the feed. The feed was varied from 116 "f to 1/10. The cut was . 
varied from 1/128" to 5/128", taking from 1/64" to 5/64tt from the 
diameter of the stock. 
Before making the tests the dynamometer was calibrated, 
the data being given below. This was done by means of the Prony 
Brake, in the following manner: - 
The dynamometer was balanced, *.ile running, without 
the brake. The Prony Brake was then put on the dynamometer and 
its constant weight obtained, by running the dynamometer both ways, 
with result shown in log. Using the Prony Brake as the standard, 
the dynamometer was then calibrated, by making a series of nineteen 
runs. A given wei t was put on the dynamometer scale beam, the 
brake was then tightened up so that the dynamometer balanced; the 
scale showing the pressure of the brake arm was then balanced and 
the weight noted, and at the same time the revolutions per minute 
of the brake pulley were taken. This data was recorded and another 
run was made as before, using a larger weight on the dynamometer 
scale beam. The series was continued until the weight shown on 
the dynamometer scale beam was 47.5 pounds and on the brake scale 
beam 24.5 pounds, the drive. belt slipping at this point. The 
values for brake horse power were no* obtained by substituting the: 
values thus obtained in the formula, 
B. H. P. = 271L x R. P. M. x W 3000 
in which L = length of brake arm, in feet; R. P. My = revolutions 
per minute of brake pulley; = weight indicated on brake scale 
beam, 
=-1,11,Tririli,..mmmmlimumm.MMIIMMUMMM.M.1111111 
 The values for dynamometer horse power were obtained 
by substituting the values thus obtained in the following formula, 
Dyn. H. P. = 7T'(D t) x R. P.1.1. x (T, T2) 
33000 
in which D = diameter of driven pulley, of dynamometer, in feet. 
t = thickness of belt, in feet. 7. P. M. = revolutions per minute 
of driven pulley of dynamometer. (Ti P z"-- 2 W as shown 
above, where W is the weight indicated on the scale beam of dyna- 
mometer. 
By plotting a curve (No. 1) with the brake horse power 
as abscissae and the dynamometer horse power as ordinates, we got 
a straight line at an angle of 45° with vertical and horizontal. 
This gives a value of unity for our calibration factor, in other 
words the dynamometer is practically correct. The data for curve 
No. 1 is given in table No. 1. 
In the dynamometer horse power formula the factor 
2 r (D = t) is a constant factor, called the dynamometer constant, 
33000 its value being .000:2598. The dynamometer horse power formula may, 
therefore, be reduced to the form, 
Dyn. P. = W x R. P. x Dyn. constant x calibration 
factor (unity). 
In making the machine tool tests, the dynamometer was 
belted between the main driving shaft and the lathe counter shaft, 
the belt from. the lathe counter shaft running on the dynamometer 
pulley from which the Prony Brake was taken. . The tools were 
sharpened before each test, and the lathe and dynamometer were kept 
well oiled. The tests were made on castings from the K. S. A. C. 
+011r1r3rir. 
'The castings .4ere -of la hard' tvariety and close ground, 
the rough skin being removed from the castings before the tests were 
4,41 
made. The round nose tool was set so that its center line made an 
angle of 90° with the center line of the stock, while the diamond 
nose tool was set so that its cutting edge made an angle of 60° 
with the center line of the stock, except in one case, (angle of 
rake 5°) where this "cutting angle" was made 73° 30'. 
In taking CA. heavy cut, the belt connecting the lathe 
with the counter shaft, would slip and although belt dressing was 
used, we could not take a much larger cut then 5/128"+. In most 
of the tests the back gears were used. The horse power per cubic 
inch of metal removed per minute, is determined by the 
H. P, (per cu. in. of metal) = H. P. 
formula, - 
removed per min. cu. in, of metal removed in one minute. 
The denomination of the above fraction is equal to: 
cut x feed x 1T x R. P. T., (of stock) x original + final dia.(of 
2 stoc* 
From the data obtained in these tests it will be seen, 
1st that the best form of lathe tool to remove maximum metal with 
minimum power from gray iron, is the round -nose tool, angle of 
rake 20° and angle of clearance 10°. The diamond nose tool of the 
same angles gives results quite close to those of the round nose 
tool, 2nd that in most cases the same spped could be maintained 
on a cut 5/128 deep and 1/1611 feed, as on a cut 1/128 deep and 
1/16,1 feed, although in one case removing about five times as much 
metal as in the others. 
Most experimenters give 22° 30' as the best angle of 
rake with angle of clearance anywhere from 5° to 15°, one experi- 
menter especially giving the exact results given above - 'Wander- 
voost" 
- Modern Machine and. Shop Practice. In one instance an 
author gave 4° as the best top rake angle "Hutte" the German Eng- 
ineers' Pocket -book. 
Watson, in Modern Prqctice of American Machinists and 
Engineers, says, uThe lathe tool should be built like a wedge, 
having a large angle of rake, say 25° to 30°. This makes the tool 
sharp and it will_ naturally cut the metal rather than scrape it off, 
as it would do with angle of rake say 5° or smaller% These tests 
seem to bear out this authors conclusions, as 20° is a fairly sharp 
angle of rake . 
No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
TABLE 
Brake H. P. 
.1908 
.4196 
.6773 
.9130 
NO . 1. 
Dynamometer 
Horse Power 
.2257 
.4515 
.6733 
.8951 
1.123 1.103 
1.350 1..331 
1.578 1.562 
1.752 1.754 
2.009 1.996 
2.181 2.199 
2.384 2.419 
2.614 2.646 
2.806 2.867 
3.037 3.106 
3 .284 3.326 
3.476 3.538 
3.-711 3.749 
3.-802 3.-9l2 
3 ..949 3..968 
Brake Horse Power 
Dynamometer H. Power 
.8453 
.9293 
1.05 
1.02 
1.019 
1.014 
1.011 
.9985 
1.03 
.9919 
.9875 
.9878 
.9788 
.9788 
.9875 
.9824 
.9898 
.9720 
.9951 
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e e/7 41/ c 61/16f,r" tto cut t /07 ed:f e. 
Her of? ea/ ///-7 e p to c (fee ir7c e, 
Ho /-/ .z o r, t ei / //tie pe tyv 8/7 elle. 
2-0 OZ.. U 5 EL? / /V Dii/-141,0/y13 -,dryo E 
L./ e /7 top ,Surface o/1 too/ p /72 d c/a /- to cc,y e- I e. i-ler/zor2ta////7e 
oter-r2e,-; d./66,,ice? ."-* e 
Cut-el/7, e e7 
H / ot/zo/7ta /ne 
pe,o-fi.er?dica/ar- to cc, /- ca(ye. 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
TWON y 
LOG OF IMRE BRAKE. 
CONSTANTS OF BRAKE. OBSERVER': 
612 :34 4104 .44 
t made at H.- 5.,..1.=.1G. 
6,3ziatt. ........... 
/.: . Weight of brake 4-0 -gza:5' 
S. 
on ...................... 
Weight on brake.i3 
Date ..../.(112c/ /--11---- :03 Brake constant 35,07. a.za. 
Number 
Reading. 
3 I 
6 
7 
.9 
/0 
/3 
/4 
/6 
/7 
/8 
/9 
R. P. M. 
34-(5 
34-8 
3 4- 
345 
340 
3.4-4Z 
4-4- 
3343 
.34-02 
.339 
339 
31-0 
34-0 
34-4 
34-42 
31/ 
34.0 
335' 
Balance 
Reading. iba .5. 
3 - 
/o 
6 - 
7 - 6 
-/3 
/A -9 
/3 -/45.- 
/6 - /7 
/ 
a 
LB // 
19 -/5 2/ - 5i 
-- 9 
404' --- 
40.0 -8 
3 6 -// 
34-61 
B. H. P. 
4/9 / 
.677 
.9/ 3 /./3 
/. 576 
1. 7.5Z 
2. 00 
,Z./8/ 
Z. 3 9 
2.6306 
.3. 037 
3.4264- 
3.476 
3. 7/i 
3.80.2 
3.949 
Remarks. 
05.5 o..s to be Seibtra6te-ai rom 
9Q C,4 25'4,/e7/74 e ad/P?y. 
/d/dr 
3 
 EPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
WITH 7:',5)0/Y7 
GHL / 457/F/1770N LOG OF 1W BRAKE. 
Test made at l'r /9,C. 
............. 
. 
.. .... ... 
on....227/7am e /- 
Date - 
CONSTANTS OF BRAKE. OBSERVER4: 
in. . ...... J . Tflagdes. 
We+.04,-44NNRAce , ..... lbs. 
Weight-eb-brake lbs 
Bribke-eeirrstaftt. 
_ 
Number 
of Reading. 
1 
Pyriamometre 
scale. 
fitsicsme 
Reading.i. 
B. B. 1.3 2)1',70/nomeTe- H. 7:7, Remarks. 
-2;,y /0,...2, 
348 Z.5 
.84-5. .1?"" fl/7 at_bgL 
g ..3-1.8 5. .99 r5a- .5",e e_ze P --= 
3 31-6 7.5 /.00 .6 73 
.7.1-4'.3_0' 
4 34-5 /0. /. 0 Z .4995 
5 3-f-0 /,?.5 1' oz /./03 4 -ft ec fi re Diarnerer er Wb ee/ z /61,36' 
6 .34,2 /5. I. 0/ 1.33/ 
7 344 /7 5 /. 0 / /. 562 
a 338 ,Z 0. .998 /. 7.54 TIlarneter of W/ se/ --,. /6./6" 
9 34z2.5 1.03 b 996 Th ; e A- n 6 ..5.5 of b e / e- = ..4.g.:' 
10 339 ,Z 5 99,2 2./99 / 6 . 3 6 " 
/I 3 3 9 ,Z 7. 5 .989 24/9 
a 340 .30 .988 2.646 
/3 340 32.5 .979 2.867 
/9- .34-,e 3.5: .979 .3./06 
/5 34,2 37.5 .987 3.3.26 
/6 34/ 40. ,.98,2 3.5-38 
/7 34-o 4.Z.5 .989 3.719 
/ 33.5 43'. .97.Z 3. 9/,z 
/9 3,z,z 4 7.S .995 3.966 
____ 
(1.1 
(3) 
DEPARTMENT OF MECHANICAL ENGINEERING, K. S. A. C. 
MADE AT /War7hatta_r7 /KW 5 a .5 
"r a /1 
ON 3.0"1-, a the. 
(MACHINE AND SIZE.) 
MACHINE -TOOL TEST. 
DAT E/Vi(1' 21/Pkiri 7. -(31 IYIdy 41,a7,2 (KIND AND NATURE OF MATER/AL.) 
OBSERVER4: 
It 7T' o e 
------ ----- 
No. 
Dimensions of Stock. 
(Diameter or thickness.) 
Cut, Feed. 
R. P. M. 
. 
Scale . 
Reading. ' 
ET. P. 
Remarks, 
- 
Original. : Final. Counter 1 Dyn. Shaft. Spindle. 
!- 
Per cubic inch metal Total. removed per minute. 
. 
e x 7;61 "_Roed,7a/ No 
Z :64 8 b Z8 Ii / / 4 0 a 5 ' / 0 / . 6 .11,9 J. .",,z,e ,,e, c o g ra f 7 0 c /0 ' reol ie 
3 8 z -t4 8 / '/64- .. Z 8z 
' iaO' ,.4 .176 . 697 . Ir a 5' (85') 
41' 8 A- l 8 L -2:,f 3b.es . zap /1. 3.4 1 .255 -' _a :, - /e i e Wi'e A i at 
.5" 8 '4 8 '-ko #1.3/e, " ,Z 84 / o..5- 4.5"" .3..3, .69,& 75 -e-df cz.." -5 Stec /l. 
-z. .90°. 
6 8 i't 8 6/vi 5.728 ., ze 7 /0. .5" .5- 4. e4 -.o,3 94 .72....or-7.7 e te r. ay- fro z /-7 4/ - rz 0 ..5 e -... -94_' 
I 
g - 
i - Z8 7 .00 
8 674,f 8'4Y 1/3g, I/16 Z 8 7 1I' 5 .4: S.5. .336 ,6 7,e Ani/e oy ë/eat°/7e-e /0° (ere/ 
3 8 4/6(f ,8 Z/6 .f . A '7,4 289 io.5' 4.9 ,38 
1 
.3 76 
,6 30 
.603 
c, 
-"I" 4 Ir a 5° (d.71 
.3 car -5 h / - - /.z a 97 'e -a //,' .&%" deep - /7 aix 4 .8 6749 8 A/44.1 I f 1,/,3 Z8 ,- /0...1-- 5. 15 
6" 8 2/6 ,7 ,x,y " viz 2 4 i a. 5-, 4-- .338 .6 A r. tp i a / .., e---/ /...0 r2---, e re r''' 0/ 47 -.5 d .91_,_ 
6 ; '1/4 ,./ 7 6%y - 11, j,06".).- /4),5" 5. 7 H ,,, e X ,570 a t7 / 4/ " 
7 8 'As( :7 (-X1 .. 7..2 ,3.5*,e '/.0..zi- 6./ 447 .55(9 
-+. 
______ _. __ __ 
i__ 
I g 90 .0 a ,--- -7re Y 7-547/ 4-) / a r2-_2__e__l_V_a__.3 e_______ 
42%,/ 4 -qv 1/12,8 1/I' , 2 9 c- 4-4,5 Z.6 .z // .77 A '1_5 / c of C/e ,-:7 ,- o? ...-7 c e_402'____C43_0_9_________. 
4 'z,./ 4 k -Y ?/ 6 4- .. 83 4 I 3 .9 , Z 8 5 .5 53 , 7rn ir e a (0 
4. 4 2-4,1 4 A %,/ 3 / / Z6 ti 1 za 0 43 5.3 .3 8 b .508 
5 4 - A74`I 4 '1/4 Ii3z .., ,.:90 4f 7.& .2 4- 0 .. 7ts, C__A- 73*.3e,'. 
-0_ 4 '4/61 4'741 -/..z.e " 1 z9.3 . 6 .3 .9 .5-04- 
_ai,r/a.o_t__,.5 
__. ____ - 
/ 
! X 75 .00 
AZg 1/3 ///6 i 73 -4' 3- 13 .4....0 0' .2 
8 5- .2 8 1 ,z/ e ot iVe' el ._.C.Z ./", e. -_-_,/ 0° CJ 
3 
4 
4 4te/ 
-i 'z'Xel 
4 't7'd. e% //,4- ,? 66 
.- 4 i 4-0 ,3 6 6 
4 / Y4 i. J/,3 g 7.5- 43 4 ,B.,;:-:=7 ....41,:ao .3 ,2 9 
.2 4 9- -- 
S- 
7 
.4 /76,-/ 4'%, .. IAA ,Z 76 4...:7o .33 9 //// z 7 .5- 4 , Z .737 5. '6 0 ;4'00 2 6- 6 9'4y :447q is 1/2 ig 7 .5- 4 e .2,- -0, - 8-4 ..,51 / 4 ,g 4 6- 
- --------- -- - 
i 
1- H I- 
-1 1 
-- - 
[ 
. 
_ -- - 
-------- 
11- 
- ------- 
_ 
1 
I 
--I-- 
I 
4 
3) 
4 
DEPARTMENT OF MECHANICAL ENGINEERING K. S. A. C. 
MADE AT 4l /.7ee.azz_2 3. 
e a /---a.e 
ON 34 "-Z- z`-/7 e. (MACHINE AND SIZE.) 
MACHINE -TOOL TEST. 
BATE 4/122/ Aidy, /e 41,4') 4/1.9", /7-, ,5 (K/No AND NATURE OF MATERIAL.) 
OBSERVERS: 
J. 1-(1-2 
No. 
Dikrensions.of Stock. 
(Diameter or thickness.) 
Cut. Feed. 
R. P. M. Scale 
Reading.. 
(lbs.) 
H. P. 
T.lemarks. 
Original. Final. Counter Dy n. Shaft. Spindle. Total. Per cubic inch metal removed per minute. 
,e 7e ,0 c, . o 7 ...0 Ern", 7-, 7i:79 A' 7:_,QJ 7:4:).. li /-7 el /Vos e 6 *Y44/ .6 st9 //'/ 9" 11/ 6 77 / 0, 5 1.6 ,i.1 '.5- / . / 4 4.-7 q / e or (:-./ea.,--e7/76-e /0°Ceol 
3 6 f%i 6 3%y // e 0 'f 4 . x 8/ I /0. 5 AC) ,/46 X99. -/. , ,, 
-7ra /r -e /a° (6o 4) 4 6 ')g 6 s. -4i //,ze, X 7 7 Jo .,5- 3.0 IZ / 6 .74X /1--) off/e GL,,, r 7'. te/.....9 ''Yy' i e /7 i- 6 SY 6 ''',4/ 1/.3,t, ., .v 7 7 1 /6,5 , 3, 4- ,Z 4 ,C ,..3-8,5 7- ___C-__,<, e" -, 
. a '. r / ,5 o .5 7` 0 C /ir 
6 6 `//mot 6 'Mg 4- A 2 a /0 8 8- /.0.6 1 ,3. 7 a 7 7 .5-82 / .9,0° V /:a " /-YT e.9 7 e .i.- et /-r'6 4,-, d-.70 a /14:i .5 
____.... /3 8 6 . 0 0 I-3/ Z 6 4/ -ti 6 `-/--ig I/32 th 6 1284 /o 6- 3. o .,z Zi )2 /6` ot C-7647/-a,--re-e /a' (do'i 3 6 f4-, 6 izz_v, .. 1//4 28 ,5- , /o. .1- 3 3 ,,2.44 .5-08 _ _ _ _ 3 .. ., .-ea.-r_ / o' (ao°) 4 
5- 
6 44.1 
6 "Nol 
6 y%./ 
6 JX..." 
s. 
., 
/A3 
///,e 
z 9 4 
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DEPARTMENT OF MECHANICAL ENGINEERING., K. S. A. C. 
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DEPARTMENT OF MECHANICAL ENGINEERING., K. S. A. C: 
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